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Introduction
Starkey and Ryan (1996) note that obtaining
successful management and rehabilitation of sports
injuries depends on an accurate initial assessment of
the condition. Therefore, sports physiotherapists
require efficient and reliable evaluation tools, for both
diagnosis and reassessment, to facilitate the earliest
possible return of the athlete to the sporting arena
(Hutchison and Oxley 1995).
Studies examining assessment procedures relevant to
the sports physiotherapy clinic have been conducted
since the early 1980s. The reliability of tests and
equipment commonly used to evaluate range of
motion (Gogia et al 1987, Rothstein et al 1983), the
generation of muscle torques (Kues et al 1992), spinal
motion (Gauvin et al 1990), patellofemoral alignment
(Fitzgerald and McClure 1995) and ligamentous
integrity (Cooperman et al 1990, McClure et al 1989)
have separately been determined. Although
quadriceps contusions are a common injury in contact
sports (Orchard and Seward 1994, Seward et al 1993),
no studies to examine the reliability and predictive
validity of tests used in their assessment and
management have been conducted thus far. 
Quadriceps contusions, often referred to in Australia
as corked thighs, but in the United States as charley
horse injuries, are the result of a direct blow to the
anterior thigh with high velocity compressive forces
which are excessive (Young et al 1993, Zarins and
Ciullo 1983). Extremely high forces, exacerbation of
the injury during continued play (Bull 1995) and
delays in treatment may result in the formation of
myositis ossificans and in prolongation of the time in
which the athlete is unable to play. 
The best techniques for measuring the extent of soft
tissue damage and for identifying any complications
arising from the initial injury are magnetic resonance
imaging (MRI), and diagnostic ultrasound, both of
which have been found highly sensitive to oedema
and haemorrhage. Lehto and Alanen (1987) have also
noted that MRI can provide accurate information
about the early phases of healing and can therefore
aid in optimising treatment. However, access to these
diagnostic tools is limited for most physiotherapists,
so reliable and valid clinical tests are required which
can accurately grade injury severity and direct
treatment without the need for soft tissue imaging. 
Assessment of quadriceps contusions has been
described previously via the following clinical tests:
direct palpation (Brukner and Khan 1995); muscle
firmness ratings (Bull 1995); assessment of passive
knee flexion ROM (Jackson and Feagin 1973); thigh
circumference measurements (Bull 1995); and the
brush-swipe and tap tests to determine the presence of
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knee effusion (Ryan et al 1991). Only the reliability
of thigh circumference measures has been verified
previously (Whitney et al 1995), with the intraclass
correlation coefficients between testers at the
suprapatellar border and 20 centimetres proximal to
this site being 0.98 and 0.99 respectively. 
The study described here was designed to investigate
the reliability of a series of clinical tests for assessing
quadriceps contusion injuries, and to examine the
predictive validity of the tests, by noting the recovery
times of subjects.
Methods
This study was conducted through two private
physiotherapy clinics, both of which were associated
with Rugby League football clubs. The majority of
subjects were from the Canterbury Bulldogs National
Rugby League Football Club. Ethical approval for this
study was granted by the Human Ethics Committee of
The University of Sydney. All participants signed a
statement of informed consent.
Examiners  To obtain maximum generalisability of
the reliability measures to the population of judges
(Shrout and Fleiss 1979) all nine physiotherapists
working at the designated clinics participated as
examiners in this study. Their experience ranged from
one to 13 years, with an average of 5.3 years.
Subjects  All athletes with a quadriceps contusion
who were seen by the physiotherapists over a 
12-month period were invited to participate in this
study. Athletes were excluded from the study if: there
was an open wound in the thigh area; there was a
fracture of the femur or patella; they sustained other
injuries to the hip and/or knee which could confound
the test results; or if the thigh pain was non-
mechanical in origin. 
Following the athlete’s consent being obtained, the
first tester, who was the treating physiotherapist,
filled in the data sheet with the subject’s age, the
mechanism of injury and the dates of injury and
presentation. Playing time following the injury was
also recorded, to identify subjects who were unable to
continue playing beyond five minutes in a match due
to their injury. The physiotherapist then performed the
following tests in sequence.
The palpation test involved systematic digital probing
from the lateral border of the vastus lateralis to the
medial side of the thigh with the patient in long
sitting, after which the physiotherapist subjectively
noted, then recorded, the muscles injured and the area
of injury (distal third, middle third or proximal third
of the thigh). 
Muscle firmness testing was performed with fingertip
palpation, with the muscle firmness at the site of the
injury compared with the firmness of the same site on
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Figure 1. Thigh circumference testing. Figure 2. Measurement of passive knee flexion ROM with
the Baseline® digital inclinometer.
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the uninjured leg, and rated on an 11-point scale from
-5 (comparatively decreased muscle firmness) to +5
(comparatively increased muscle firmness). A zero
rating was applied if the muscle firmness of the injury
site was similar to the muscle firmness of the non-
injured thigh.
Circumference measures were taken at the
suprapatellar border, and at 10 and 20 centimetres
proximal to this site on both thighs, using a purpose-
made device which was designed to ensure that the
distances above the suprapatellar border were
constant for all subjects. The bottom of the Velcro®
strap was positioned in line with the suprapatellar
border and the tape measures applied such that they
were just in contact with the skin surface of the thigh.
Measurements were recorded to the nearest
millimetre.
Passive knee range of motion testing was performed
with the subject in prone, with the hip in neutral, and
the foot and distal third of the shank over the edge of
the plinth to enable positioning of the Baseline®
digital inclinometer (Fabrication Enterprise, Inc.,
Irvington, New York). Prior to performing a joint
angle measure, the tester passively flexed both knees
three times until the available end of range was
reached as determined by the first onset of pain on the
injured leg, and restriction on the non-injured leg.
This was done as a control for any preconditioning
effect. The inclinometer was set to zero on the
horizontal surface of the plinth, and placed on the
distal end of the tibia to measure joint angle as the
tester flexed the knee (Figure 2). Subsequently, the
difference in flexion range between knees and the
relative percentage of knee range retained were
determined.
The brush-swipe and tap tests were performed with
the patient in long sitting. In the first of these, the
examiner was required to stroke the medial side of the
patella, proximally towards the hip joint, two or three
times followed by a stroke down the lateral side of the
patella. A positive test was registered when a visible
wave of fluid was evident on the medial side of the
knee joint and below the patella border (Magee 1992).
The tap test was performed by applying a slight tap or
pressure over the patella. A positive test was present
when a large amount of intracapsular swelling
produced a floating patella so that, on tapping, a
downward movement of the patella could be felt by
the tester (Magee 1992).
These tests were performed during the patient’s first
consultation, in conjunction with the routine physical
examination. When another physiotherapist was
available, re-assessment for test reliability
determination was carried out immediately following
the first assessment. The second physiotherapist
performed the same tests and recorded their results on
a separate data sheet, without referring to the results
of the earlier examination.
Treatment  In order to establish the predictive validity
of the tests, given a cryokinetics management
program, thereafter all the quadriceps contusion
injuries were treated as similarly as possible. All the
injuries were treated by cryokinetics in the manner
described by Knight (1995).  Ice was applied to the
injured area until numbness was achieved.  All
subjects then worked to regain full pain-free knee
flexion range by pulling on a strap wrapped around
their foot, passively flexing the knee to the point of
momentary discomfort, then releasing.  Once the
pain-relieving effects of ice had minimised, ice was
reapplied and passive stretching continued. The
treatment program also required that subjects
returned to modified training only, meaning that
during recovery no player ran, cycled, rowed, or
performed any other activity that would excessively
load the quadriceps and could aggravate the injury.
This was strictly adhered to. A second aspect of the
treatment program included the use of other
modalities, such as soft tissue massage around the
periphery of the contusion to aid in fluid resolution,
and electrotherapy to aid in pain relief. The treating
physiotherapist noted the days between when the
subject presented for treatment and when they were
able to complete a pain-free 10m run, and then when
they could return to full training. Return to full
training was defined as the date when the subject was
able to participate in all training sessions including
weights sessions unimpeded, and was available for
selection. The number of treatments for each subject
was recorded, and the number of games missed was
also examined, as previously, this measure has been
related to injury severity (Gibbs 1993, McMaster and
Walter 1978). These markers represent a combination
of recovery points used in previous studies, and times
commonly asked about by coaches when in
consultation with physiotherapists.
Statistical analysis  The inter-rater reliability of the
palpation and the knee effusion tests which generated
categorical data were assessed using the kappa
statistic (Portney and Watkins 1993). The intraclass
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correlation coefficient (ICC) statistic from Shrout and
Fleiss (1979) was applied to examine the reliability
for each of the continuous measures, firmness ratings,
ROM measurements and thigh circumferences. The
ICC (1,1) form was employed as the same two
examiners were not testing each subject. 
Recovery times were compared on the basis of the
muscle injured, and site of injury, using the Kruskal-
Wallis one-way analysis of variance (ANOVA) by
ranks. Bivariate correlations were conducted between
firmness ratings, ROM measurements and thigh
circumferences and recovery markers. Spearman’s
rank-order correlation coefficients were calculated to
assess the association of the brush-swipe and tap test
data with the recovery times and treatment details of
the subjects. The correlation of other factors, such as
the delay between injury and presentation and the
ability to play on following injury, with the recovery
parameters, were also assessed. Subsequently, the
interaction of the above factors and the results of the
tests were analysed using stepwise multiple
regression, as suggested by Pedhazur (1997) for
predictive studies, to ascertain the combined
predictive capability of these variables.
Results
The subjects consisted of all athletes (100 male, one
female) presenting for treatment of a quadriceps
contusion, either to the attending physiotherapist
during or following a match, or to the participating
physiotherapy clinics, over the designated 12-month
period of the study.
The majority of subjects were young males, who were
able to play on following their injury for on average
35.2 minutes. Assessment and management occurred
within the first two days following injury for 92.1 per
cent, and within the first 24 hours following injury for
75.8 per cent, reflecting the disciplined approach to
injury management taken by most professional
footballers.
The majority of injuries were sustained via a blow to
the thigh from the knee of another player (56.4 per
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Table 1. Muscles injured.
Muscle Number
Primary muscle injured
Vastus lateralis 42
Vastus medialis obliquus 27
Rectus femoris 22
Suprapatellar  tendon 10
Total 101
Secondary muscle injured
Rectus femoris 10
Vastus medialis obliquus 6
Vastus lateralis 6
Tensor fascia lata 3
Nil 76
Total 101
Table 2. Results of thigh circumference and knee flexion
ROM tests.
Thigh circumference and ROM tests Mean SD
C1 of the injured thigh (cm) 41.70 2.70
C1 of the non-injured thigh (cm) 41.20 2.60
Difference in C1  (cm) 0.50 1.10
C2 of the injured thigh (cm) 51.70 3.40
C2 of the non-injured thigh (cm) 51.50 3.40
Difference in C2 (cm) 0.20 1.80
C3 of the injured thigh (cm) 60.30 3.50
C3 of the non-injured thigh (cm) 60.20 3.40
Difference in C3 (cm) 0.10 1.40
Knee flexion ROM of the injured 
thigh (degrees) 112.80 24.20
Knee flexion ROM of the uninjured 
thigh (degrees) 143.80 10.30
Difference in knee flexion 
ROM (degrees) 31.00 24.50
C1 thigh circumferences at the suprapatellar border
C2 thigh circumferences 10cm proximal to the
suprapatellar border
C3 thigh circumferences 20cm proximal to the
suprapatellar border
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cent). The remaining injuries resulted predominantly
from shoulder contact (12.9 per cent) and head
contact (5.9 per cent) with the thigh. Nineteen
subjects were unable to recall the mechanism of
injury, and 10 subjects did not recall sustaining an
injury during the course of the game.
Vastus lateralis was most commonly injured (41.6 per
cent), followed by the vastus medialis obliquus (26.7
per cent). Contusions isolated to a single muscle
accounted for 75.3 per cent of all injuries (Table 1).
The distal third of the thigh was most commonly the
area contused, either singly or in combination with the
middle third (67.3 per cent). The middle third of the
thigh was the second most common area of injury,
accounting for 22.8 per cent of all injuries 
Eighty-nine subjects had positive firmness ratings of
the injured thigh. The results of the thigh
circumference and ROM tests are described in Table
2. The greatest difference in circumference between
thighs occurred at the suprapatellar border [mean
(SD) = 0.50cm (1.10)]. The smallest mean difference
occurred at the site 20 centimetres away from the
suprapatellar border [mean (SD) = 0.10cm (1.40)].
The mean (SD) loss of knee flexion range was 
31 degrees (24.50). Nine subjects had a positive
brush-swipe test, and 20 subjects had a positive
patella tap test.
Inter-rater reliability  Due to time and availability
pressure, it was possible for only 56 subjects to
receive the test set from a second physiotherapist. The
paired data were used to determine inter-rater
reliability for each test. Seventy-one per cent of the
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Table 3. The observed agreement rate (Po), the level of
agreement expected by chance (Pc), and the chance
corrected kappa (κ) value for the palpation and knee
effusion tests (n = 56).
Tests Po Pc κ
Palpation
primary muscle injured 1.00 0.29 1.00
secondary muscle injured 1.00 0.55 1.00
Brush-swipe 0.98 0.94 0.66
Tap 0.96 0.71 0.87
Table 4. Inter-rater reliability for firmness, ROM, and thigh
circumference measures (n = 56).
Tests ICC (1, 1) 95 % CI
Firmness ratings 0.76 0.63 to 0.85
Passive knee flexion range
affected thigh 0.94 0.89 to 0.96
unaffected thigh 0.79 0.67 to 0.87
Thigh circumference at suprapatellar border
affected thigh 0.94 0.91 to 0.97
unaffected thigh 0.95 0.91 to 0.97
Thigh circumference 10cm proximal to suprapatellar border
affected thigh 0.92 0.86 to 0.95
unaffected thigh 0.92 0.87 to 0.95
Thigh circumference 20cm proximal to suprapatellar border
affected thigh 0.96 0.93 to 0.97
unaffected thigh 0.95 0.91 to 0.97
Table 5. Association of tests with the recovery markers.
Clinical assessment tests Associations 
with recovery
Difference in knee flexion range 0.45 to 0.50***
Relative knee flexion range retained -0.42 to -0.48***
Firmness rating 0.40 to 0.47***
C1 0.25 to 0.34*
C2 -0.03 to 0.07
C3 0.06 to 0.12
Brush-swipe testa 0.27 to 0.42***
Tap testa 0.11 to 0.18
C1 circumference differences at the suprapatellar border
C2 circumference differences 10cm proximal to the
suprapatellar border
C3 circumference differences 20cm proximal to the
suprapatellar border
* p = 0.02      *** p < 0.001
a Spearman’s correlations
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reliability assessments were conducted by four
physiotherapists (experience: 1-13 years, mean five
years).
All tests demonstrated high agreement rates between
testers, with scores ranging from 96 per cent to 100
per cent (Table 3). A high chance agreement was
noted with the brush-swipe test (Pc = 94 per cent),
and moderate levels of chance agreement were found
for the tap test and the assessment of secondary
muscle injuries. Palpation of the primary and
secondary muscle injured had a kappa of 1.00, the tap
test a kappa of 0.87, and a good level of reliability
was indicated for the swipe test (κ = 0.66). The
evaluative adjectives employed were those according
to Landis and Koch (1977).
There was high inter-rater reliability for rating the
firmness of the injured muscle, measuring the knee
flexion ROM, and measuring thigh circumferences
with the ICCs ranging from 0.76 to 0.96 (Table 4). All
ICCs were greater than 0.75, and would therefore be
classed as “excellent” by Fleiss (1986). Agreement
between raters was high for the firmness test, with a
per cent exact agreement (PEA) of 68 per cent for the
sample and a per cent close agreement (PCA) within
one rating scale point of 98 per cent. 
Predictive validity Moderate yet significant
correlations were found for the assessment of knee
range, firmness ratings, circumference differences at
the suprapatellar border, and the brush-swipe test with
the recovery markers, as shown in Table 5. No
significant associations with recovery were evident
for subjects based on the tap test results.
Owing to the non-uniform subject distributions for
the muscles injured, and site of injury, Kruskal-Wallis
one way ANOVA by ranks was conducted to compare
the recovery indices of subjects based on the muscle
injured and the location of the injury. The recovery
markers did not differ according to the primary or
secondary muscle injured or the site of injury.
Subjects who had injured two or more muscles missed
significantly more games than subjects who only
sustained a single muscle injury (Mann-Whitney 
U = 741.0, z = -2.22, p = 0.03). 
The effects of other variables were also correlated
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Table 6. Beta weights for the variables entered into the regression equations for each of the five recovery markers. These
are the weights applied to the standardised values, and show the relative importance of the predictor variables in each
equation.
Predictor variable
Recovery details F R2
∆ROM FR PLAY ∆C1 HRS
Days to return to:
a pain-free 10m run 0.34 -0.31 0.38 20.24 0.50
full training 0.34 0.22 -0.34 0.39 -0.24 20.50 0.64
Number of:
treatments to return to play 0.55 -0.25 24.96 0.45
total treatments 0.48 -0.24 0.20 18.82 0.49
games missed 0.37 -0.38 0.33 25.37 0.56
∆ROM = uninjured-injured interlimb difference in knee flexion range (degrees)
FR =  firmness rating of the injured muscle on -5 to +5 scale
PLAY = ability to play on following injury (0  = unable to play on beyond 5 minutes, 1= played on)
∆C1 = injured-uninjured circumference difference at the suprapatellar border (cm)
HRS = hours between injury and presentation
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with the recovery indices. Time between injury and
presentation for treatment correlated with the number
of games missed (Pearson’s r = 0.25, p = 0.02).
Ability to play on following injury was inversely
correlated with the number of treatments (Spearman’s
r
s 
= -0.34 and -0.31, p = 0.01), days to return to full
training (r
s
= -0.37, p = 0.002), and the number of
games missed (r
s
= -0.52, p < 0.001). That is, being
able to play on after injury was associated with better
results.
Using stepwise multiple regression, the combination
of the initial tests, being able to play on or not, and
time to presentation for treatment were examined for
their ability to jointly predict the recovery parameters
(Table 6). All tests that correlated significantly with
the recovery markers were entered into the analysis.
Sixty-two subjects had complete results on initial
tests and outcome measures, thereby enabling
equations to be derived based on this number. Fifty
per cent of the variance in the first recovery measure,
time taken to return to complete a pain-free 10m run,
was found to be accounted for by three variables
involving: the change in knee range; the difference in
thigh circumferences at the suprapatellar border; and
playing on following injury (F
(3,63)
= 20.23,
p < 0.001). Sixty-four per cent of the variance for the
second recovery measure, time taken for subjects to
return to full training was accounted for by five
variables: the relative firmness rating of the injured
muscle; the hours between injury and presentation for
treatment; the change in knee range; the difference in
thigh circumferences at the suprapatellar border, and
playing on following injury (F
(5, 62) 
= 20.20, 
p < 0.001). The beta weights are included in Table 6
to highlight the standardised contribution of each
variable for each recovery marker.
Using the B weights from the analysis as suggested by
Domholdt (1993), equations can also be derived for
the unstandardised variables to predict each recovery
marker in its own units, for example days or number.
Prediction equation for days to return to full
training (DFT)  Of most significance to the
physiotherapist, to the athlete and to other sports
personnel is the number of days that the athlete will
be away from full training and possible selection. The
obtained equation for this recovery marker is
presented below. 
DFT = 0.05 (DROM) + 0.73 (FR) + 1.34 (DC1) –
3.21 (play) - 0.04 (hours) + 4.32
DFT = days between presentation for
treatment and return to full training
∆ROM = uninjured-injured interlimb
difference in knee flexion range
(degrees)
FR = firmness rating of the injured
muscle on -5 to +5 scale
∆C1 =injured-uninjured circumference
difference at the suprapatellar border
(cm)
play = ability to play on following injury 
(0 = unable to play on beyond 5
minutes, 1 = played on) 
hours = hours between injury and
presentation
Results recorded from an initial assessment can be
Table 7. Examples of the application of the equation, using data from three of the subjects in the sample. The mean residual
over all subjects on days to return to full training (DFT) was 1.70 days.
Subject ∆ROM FR ∆C1 Play Hours DFT DFT Residual
(actual) (predicted)
A 87 5 3.5 0 53 14 14.80 -0.80
B 36 1 -0.5 1 1 3 2.93 0.07
C 68 3 3.0 1 120 7 5.83 1.17
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entered into the equation to predict recovery times.
An example of the application of the equation for the
time taken by each of three subjects in the present
study to return to full training is presented in Table 7.
The mean residual between the actual and predicted
number of days to return to full training was 1.70
days.
Discussion
For all tests proposed as indicators of quadriceps
contusion injury severity, results showed reliability
sufficient to be acceptable for continued clinical use.
Palpation of the injury had perfect reliability
(κ = 1.00), with perfect agreement between testers.
The excellent reliability for injury location found here
may have been due to immediate patient pain
response localising the injury site for the examining
physiotherapist (Maher and Adams 1994). In
addition, the superficial muscles comprising the
quadriceps femoris can be readily delineated,
contributing to the high reliability found for this test. 
The high reliability (κ = 0.87) of the tap test is likely
to be attributable to the ready discriminability of the
test result. Although the kappa value for the brush-
swipe test (κ = 0.66) was lower than that found for the
tap test, the brush-swipe test actually had a higher
agreement rate, with physiotherapists agreeing on the
test results in 98 per cent of the subjects. However,
kappa coefficients are corrected for chance (Feinstein
and Cicchetti 1990), and a high chance agreement
occurs when there is low variability in the observed
ratings (Haley and Osberg 1989), resulting in a lower
overall coefficient.
Assessment of the firmness of the injured muscle
relative to the muscle firmness of the non-injured
thigh using an 11-point rating scale was determined to
have substantial reliability (ICC = 0.76), a finding
which confirms the efficacy of using a reference to
determine the firmness/stiffness of musculoskeletal
structures (Maher et al 1998).  
Measurement of ROM has been the index primarily
used to determine the severity of quadriceps
contusion injuries. A pain response from patients as a
criterion is usually associated with high test
reliability. In addition, the lower variation in knee
range scores on the uninjured side, in comparison
with the variability in scores for the injured thigh,
could explain the ICC of the uninjured thigh being
relatively lower (Rey et al 1987).
Finally, reliability for thigh circumference measures
has previously been verified as excellent (Whitney et
al 1995), and the ICCs obtained here for
circumference measures were likewise all above 0.9.
The second aim of this study was to examine whether
the tests were able to predict recovery times of the
subjects, given a tightly controlled management
program in the period between initial assessment and
recovery. A moderate strength association was found
between all the recovery parameters and the initial
difference in knee flexion ROM, with a larger inter-
limb difference being associated with a comparatively
poorer outcome. These results support the proposition
that assessment of knee flexion range is a good
indicator of injury severity, as it stresses the injured
muscle fibres, and allows severity to be determined
based on the amount of stress the muscle fibres can
tolerate.
A higher firmness rating given to an injured muscle
was also found to indicate a longer recovery time and
a greater number of games missed, and also to be
indicative of the need for a greater number of
treatments in order to minimise the disability
associated with the injury. The inclusion of this rating
in the regression equation implies that increased
firmness is a negative indication, both when the
injury is seen initially and when it is seen in the sub-
acute stages of the injury. When the injury presents as
acute, the main feature likely to be associated with a
greater injury severity would be increased tension
within the muscle. This initial finding is possibly due
to spasms within the muscle in an attempt to guard the
injured area from other noxious stimuli, such as
another blow to the area. Increased firmness a number
of days post-injury could be designative of either
muscle scarring owing to improper management or a
delay in treatment, or confinement of bleeding,
suggesting the presence of an intramuscular
haematoma, which is claimed to be associated with a
prolonged recovery time (Anderson and Hall 1995,
Williams 1980).
For the injuries in this study, the greatest difference in
circumferences between thighs was found at the
suprapatellar border. This difference was the only
circumference measure which was associated with
prolongation of the recovery period, the number of
Alonso et al: Predicting recovery time from the initial assessment of a quadriceps contusion injury
treatments, and the number of games missed.
Stratford (1981) and Spencer et al (1984) found that
the presence of swelling within the knee joint results
in quadriceps inhibition and this has been reported by
Ryan et al (1991) to prolong recovery. The anterior
knee joint capsule comprises the patella and therefore
intracapsular knee effusions may result, as bleeding
can track down, via gravity, through the muscles and
patella retinacula into the knee joint.
Similarly, moderate strength associations were found
between the brush-swipe test results and the recovery
times, treatments needed, and the number of games
missed by the subjects. These results are also
indicative of the quadriceps inhibition noted with
knee effusions. The tap test, which is proposed to be
indicative of a larger effusion within the knee joint,
failed to differentiate subjects who would have longer
recovery times.
Surprisingly, neither type nor site of muscles injured
revealed significant effects on recovery time. It might
have been expected that injuries to the vastus medialis
obliquus muscle would result in a prolonged recovery,
as inhibition of this muscle has been associated with
the onset of patellofemoral pain. However, the
majority of injuries in this study were of a mild to
moderate severity, reducing the likelihood of vastus
medialis obliquus inhibition occurring.
Similarly, it might have been expected that injuries to
the distal third of the thigh would have significantly
longer recovery times, as the swelling could result in
quadriceps inhibition. However, the extent of an
injury and the resultant swelling in this region may be
minimised as the femoral artery and profunda femoris
pass into the posterior compartment of the thigh at the
junction of the distal third of the thigh, possibly
resulting in fewer blood vessel injuries. Therefore, the
similar distribution in recovery times for the different
sites of injury may be similar, due to this arrangement
of the blood vessels.
However, subjects who had a number of muscles
contused, or who had delayed receiving treatment for
their injury, missed a greater number of games.
Although strength losses following injury were not
assessed, perhaps having a greater area injured as a
result of a number of muscles contused, or secondary
cell damage, results in decreased quadriceps strength
and possibly a decrease in the performance of
subjects, thus hindering their availability for selection
for their team. Further research needs to be conducted
on associated strength losses to confirm this theory.
Ability to play on following the injury was,
surprisingly, inversely associated with all the recovery
parameters. Previously, it has been proposed that
subjects who are able to continue playing following
their initial injury are at risk of further injury or
complications (Bull 1995, O’Donoghue 1984). The
results from this study suggest that an injury of
greater severity simply does not permit the athlete to
continue playing. That is, simply the magnitude of the
force of the blow, as suggested by Zarins and Ciullo
(1983) could account for this finding.
The interaction of data from the above factors and
tests, analysed using multiple regression statistics,
demonstrated greater associations between the
prognostic factors and the recovery parameters than
for each predictor used on its own. The combination
of factors and tests was able to account for up to 64
per cent of the variance in the main recovery
parameter. The equation for predicting recovery times
was derived from initial assessment variables as
predictors, but could be generalised only to players of
the same level who had the same disciplined approach
to injury management as applied in the current study.
Conclusion 
This study evaluated current diagnostic tests used in
the assessment and management of quadriceps
contusion injuries. Results indicated that all
assessment tools had either substantial or excellent
reliability, so data agreeing with those of the first
physiotherapist are highly likely when a second
physiotherapist does the tests. Of these, four tests (the
assessment of relative muscle firmness, thigh
circumference differences at the suprapatellar border,
measurement of passive knee flexion ROM, and the
brush-swipe test) were correlated with recovery
times, the amount of treatment required and
subsequent games missed after a cryokinetics
management regime in the interim. The delay before
treatment and ability to play on following the initial
insult were also correlated with the recovery
parameters. Multiple regression analysis using the
above variables enabled equations to be formulated,
and these can be used to assist the physiotherapist in
setting outcome goals for each athlete and providing
information to other management personnel.
However, the predictive usefulness of the equation
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would depend on there being a similar standardised
and disciplined treatment program linking assessment
with recovery.
In order to assess accuracy in the prediction of
recovery times, and to enhance the management of
injured athletes by physiotherapists and other sports
practitioners, further study is necessary to examine
other factors, such as the magnitude of any strength
and control losses in the quadriceps following an
injury, the rate of recovery of muscle strength, and the
effects that injuries to the superficial nerves have on
recovery time. Psychological factors such as athlete
motivation and pain tolerance may also affect
recovery times, and therefore warrant further
investigation.
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